Hexadecapole transition moments in strongly deformed nuclei and the validity of the sd-boson approximation in the IBA Goldhoorn, PB; Harakeh, MN; Iwasaki, Y; Put, LW; Zwarts, F; van Isacker, P Take-down policy If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately and investigate your claim. The low-lying spectrum of lS6Gd up to 3 MeV has been investigated with proton scattering at Ep = 40 MeV. Considerable hexadecapole transition strength is found at E x > 1.5 MeV indicating the necessity for the inclusion of a g-boson in the IBA to explain properties of states above this energy. An IBA calculation including a g-boson reproduces qualitatively the experimentally observed hexadecapole transition strength below 3 MeV.
The success of the interacting boson approximation model (IBA) in describing the properties of low-lying collective states of even-even medium-mass and heavy nuclei has been demonstrated by a large number of publications in recent years. In a series of comprehensive articles [1] , Arima and Iachello have shown that a general hamiltonian describing a system of s-and dbosons [SU (6) model] has for different choices of the boson energies and boson-boson interactions the limits: SU(5), SU(3) and 0 (6) . These correspond, respectively, to the conventional vibrational [21, rotational [2] and 3,-unstable [3] models. Extensions of the IBA to include other degrees of freedom have already been considered in the past, e.g. the inclusion of the f-boson is necessary to explain [1] negative-parity levels. More recently, the problem of the coupling of non-collective two-(quasi-) particle states to the collective s-and d-bosons, has been treated [4] and the inclusion of tile g-boson was investigated [5] in a perturbational approach.
In 156Gd which can be described as a well-deformed nucleus, extensive studies [6] indicated the existence ofK rr = 0 + and K r~ = 4 + bands starting at E x = 1168 keV and 151 l keV, respectively. These bands cannot be described in the IBA by considering only s-and dbosons. While the K ~r = 0 + band is probably associated with the subshell closure at proton number Z -= 64 in the 50-82 shell [7] , the K ~ = 4 + band requires [8] the addition of the hexadecapole degree of freedom (g-boson). Whereas the addition of an f-boson may have little influence on the positive-parity levels below 2 MeV, the situation could be different, in general, for a g-bosom Thus the important question arises: what is the extent of the perturbation [9] caused by the gboson on the low-lying collective spectrum as calculated in the sd-boson approximation?
To answer this question, we have studied inelastic proton scattering from 156Gd. Inelastic proton [101 and deuteron [ 11 ] scattering experiments at lower bombarding energies were performed before the present work. While a wealth of information about the lowlying bands of 156Gd is available [6] (most of the states below 2 MeV have assigned spins and parities) very little is known [6, 10, 11] about the distribution of octupole and hexadecapole strengths. This is true for the rare-earth nuclei in general, although the hexadecapole deformations of the 4 + states of the groundstate bands (g.s.b.) for many of them have been known [12] for a long time. In this letter we present results for the hexadecapole strength distribution and con> pare these with the results of an IBA calculation in-cluding a g-bosom A self-supporting 156Gd target of 1.2 mg/cm 2 thickness was bombarded with a 40 MeV analysed beam of protons from the KVI cyclotron. Scattered protons were detected using the QMG/2 magnetic spectrograph [ 13] with an overall energy resolution of 24 keV. Angular distributions were measured from 01a b = 12 ° to 60 ° mainly in steps of 1.5 °. The solid angle subtended by the spectrograph was 1.82 msr with an opening angle in the reaction plane of 1 °.
In fig. 1 a 156 Gd(p, p') spectrum taken at 01a b = 31.5 ° is shown. In addition to the states of the g.s.-,/3-and 3'-bands, many states are observed up to ~3 MeV. Peakfitting analysis was performed for these states. Absolute differential cross sections were obtained by normalizing the elastic scattering cross section to an optical model calculation using parameters of ref. [ 14] . The uncertainty in the absolute cross sections due to this analysis is estimated to be less than 10%.
In fig + state atE x = 1.355 MeV was not resolved The 4. r from a 1-state at 1.366 MeV [16] . At forward angles there is a large contribution from this 1-state. This is clear from comparing with the dotted curve which represents the experimental data [17] for the known [6, 16] 1-state at E x = 1.242 MeV. The other curves are the result of CC calculations [ 18] in the asymmetric rotor model including [ 19] Results are listed in table 1. The excitation energies, spins and parities are obtained from refs. [6] and [16] for known states, otherwise they are the results of the present work. Hexadecapole deformation parameters (/34) which can be associated with a g-boson excitation are listed in column 3. These were used to obtain the bexadecapole transition rates in single-particle units In order to understand this hexadecapole strength distribution, an IBA calculation was performed including a g-boson in addition to the s-and d-bosons. The details of this calculation will be published elsewhere [8] . Here only the hexadecapole moment distribution will be considered. In table l, the excitation energies (column 5) and hexadecapole transition rates ([dtd'] (4) contribution in column 6, [gt~'] (4) in column 7) of all predicted 4 + states below 3 MeV are listed. The calculated g-boson strength is concentrated in a few 4 + states which belong to the various bands arising from the coupling of a g-boson to the core of s-and d-bosons. The experimental g-boson strength displays more fragmentation than the theoretically predicted one. In one respect, however, the theoretical predictions qualitatively describe the experimental data: the [6, 16] . b) Energies obtained from this experiment correct to better than 5 keV, since for known levels our deduced energies were within 5 keV from their adopted [6, 16 ] The shortcoming of the IBA calculation including a g-boson in explaining the fragmentation of the hexadecapole strength could possibly be remedied by increasing the interaction strength of the hamiltonian which mixes the g-boson states with the sd-boson states. However, this should be studied in connection with the E2 transitions from the K rr = 4 + band at 1.511 MeV to the g.s.-, ~-and "),-bands, from which the interaction strength presently used has been derived [8] . Removing the restriction of the g-boson number to one and increasing the number of quasiparticle excitations should also be investigated. In this connection, it would be interesting to see whether increasing the interaction strength and/or the number of g-bosons would strongly affect the hexadecapole tran-+ It is hopefully with such experimental sition of the 4g. studies as reported here that insight into these basic questions connected with the IBA formalism could be gained.
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